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FOREWORD 

This work was performed by personnel in the 
Systems Engineering Section of Lockheed's Huntsville 

Research & Engineering Center for NASA-Marshall Space 
Flight Center under Contract NAS8-32982. 

The MSFC technical monitor for this study 

is Mr. W. P. Baker, EP44. 
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BACKGROUND AND INTRODUCTION 

The Space Shu t t l e  External Tank (ET) is covered with C P R - 4 8 8  spray foam. 

This foam serves  two purposes: (1) t o  provide cryogenic in su la t ion  on t h e  

tank while the vehicle  is on the  pad and i n  f l i g h t ,  and (2) pro tec t  t he  

aluminum skin from aerodTpamic and r a d i a t i v e  heat ing during ascent.  

In - f l i gh t  p i c t u r e s  taken of t he  ET a f t e r  separat ion from t h e  Orbiter indicated 

t h a t  t he  foam thickness/design was highly conservative. 

vatism i s  because t h e  foam recession design da ta  were generated a t  an enthalpy 

l e v e l  which was a t  o r  near t he  m a x i m u m  value t o  be experienced during f l i g h t .  

This peak value lasts only f o r  a s h o r t  t i m e  during f l i g h t .  

the  foam recession rate t o  be less a t  lower enthalpy l e v e l s  because of t he  

reduction i n  foam surface temperatures. 

spent a t  t he  lower anthalpy l e v e l s ,  while t h e  design d a t a  were taken a t  higher 

l e v e l s ,  the r e s u l t i n g  t o t a l  recession during f l i g h t  should be less than t h e  

values predicted from t h e  data.  

data  a t  these lower enthalpy l e v e l s  t o  determine j u s t  what e f f e c t  enthalpy has 

on the  foam performance/recession. 

P a r t  of t h i s  conser- 

One would expect 

Since most of t he  t r a j e c t o r y  t i m e  is 

It would the re fo re  b e  des i r ab le  t o  generate 

Another problem on the  ET foam i s  t h a t  of being a b l e  t o  determine the  f l i g h t  

C P R - 4 8 8  foam recession. 

out any physical thickness measurement. 

t o  imbed foam plugs of var ious thicknesses i n  t h e  o r i g i n a l  CPR-488 foam. 

foam plugs would be made of B X - 2 5 0  foam which has a d i f f e r e n t  (white) co lo r  from 

the  C P R - 4 8 8  af ter  it  has been heated. 

photographs u n t i l  the C P R - 4 8 8  receded t o  the  plug depth and then t h e  plug would 

blow away and a recession depth could be i d e n t i f i e d .  

t h a t  t he  B X - 2 5 0  and C P R - 4 8 8  both receded a t  t he  same time rate. 

would be made from the  Shu t t l e  Orbi ter  after ET separation. 

incorporated i n t o  the tests which are documented herein.  

Since t h e  ET is not recovered, t h i s  must be done with- 

One idea f o r  making the  measurement i s  

These 

These plugs would be v i s i b l e  i n  the  

This assumes, of course,  

The photos 

This idea was a l s o  
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TEST OBJECTIVES 

The objectives of these tests were a s  follows: 

0 To determine the e f f e c t s  of variable enthalpy l e v e l s  
on CPR-488 foam performance/recession. 

To determifie whether the BX-250 "thickness indicator 
plugs" (TIP) concept i s  feas ib le  for measuring recession 
rates of CPR-488 foam during ET f l i g h t .  
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TEST PANEL DESCRIPTION 

Six CPR-488 panels were built and tested in this series of tests. 
These were designated TIP-1 through TIP-4, and TIP-7 and TIP-8. 
shows a sketch of these panels with locations of thermocouples, BX-250 plug, 
and thickness measurements. 
of the six panels. 
thicknesses. 
plugs had Ti0 
used to calibrate the HGF for these particular tests. 
array of thin skin/thermocouple locations running horizontally and longitudi- 
nally along the HGF duct test section in Position 1. 

Figure 1 

Figures 2 through 7 show the pretest photographs 
The BX-250 plugs were all 2 in. in diameter and of various 

Figure 8 shows the TIP plug thickness values. TIP-7 and TIP-8 
to make them whiter. Figure 9 shows the heating rate cal model 2 

It consisted of an 
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TEST DESCRIPTION AM, RESULTS 

The entha1;ry l e v e l s  i n  the  test region were determined from combustion 

chamber measurcments determined i n  previous tests. 

perature  and enthalpy values are shown i n  Table 1. 

The r e s u l t i n g  recovery tem-  

Table 1 a l s o  presents  a summary of the foam/TPS runs. Eight runs were 

made, a l l  i n  Posi t ion 1 of t h e  HGF. Run t i m e s  varied.  The f i r s t  two were 

20 sec and subsequent runs were 35 sec. 

the  t o t a l  foam recession during t h e  f i r s t  two runs. 

This increase was made a f t e r  checking 

Results of t he  foam recession measurements are shown i n  Tables 2 through 

These t ab le s  show p r e t e s t  and post- tes t  thicknesses,  change in thickness,  7.  
recession rate, heat ing rate, and r a t i o  of t o t a l  recession t o  t o t a l  hea t  load. 

Data are given f o r  both CPR-488 and BX-250. 

Figure 10 shows a p l o t  of recession rate versus heat ing rate for CPR-488. 
The h igh  enthalpy data  are i n  general  higher in recession than t h e  low enthalpy 

C I A  t i l .  

A f u r t h e r  e f f o r t  was made t o  show t h e  enthalpy e f f e c t .  This was t o  compare 

the average value of R/Q, t o t a l  recession over t o t a l  heat load. 

are summarized as follows: 
These r e s u l t s  
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1000 
1001 
1002 
1003 

1004 

Average R/Q for All R u n s  I Average R/Q2 Enthalpy 
(Mil/Btu/f t ) Level 

Run 
NO 

1.72 High 
1.90 High Average of High Enthalpy 
1.76 High Runs = 1.76 
1.66 High 

1.05 Low Average o f  INW Enthalpy 
0.79 I 1005 

Again, this form of the data shows higher recession at the higher enthalpy 
level than at the low enthalpy level. 

Low Runs = 0.92 

A third method was also tried in an effort to show the enthalpy effect. 
In this method a comparison was made between the peak values of recession at 
the two enthalpy levels. 
peak points for each enthalpy level on Fig. 10. 
peak lines, the cross plots of Figs. 11 through 14 were made. These plots 
show recession rate versus recovery temperature (i.e., enthalpy). Figure 11 
is for a constant heating rate of 4 Btu/ft -sec. 
for constant heating rates of 6, 10 and 15 Btu/ft -sec, respectively. 
form of the deta shows a definite trend of the recession with enthalpy. Also 
shown on these figures for comparison are data from some AEDC tests. 
data were taken at approximately 1420 F recovery temeperature. 
point is available at a recovery temperature of 1100 F. 
figures, the agreement with the HCF data is reasonably good. 

Straight lines were drawn through the approximate 
Using values read from these 

2 Figures 12, 13 and 14 are 
This 2 

These 
Also one data 

As seen on these 
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Figures 15  through 2 0  show t h e  post- tes t  photos of a l l  TIP panels. 

Inspect ion of these  photos and pos t - tes t  inspect ion of the panels showed 

t h a t  t he  BX-250 T I P  plugs receded t o  cbout t he  same depth as t h e  CPR-488. 

The BX-250 plugs without T i 0 2  charred and changed t o  about t h e  same co lo r  

as t he  CPR-488 i n  most cases. However, i t  was st i l l  obvious when c plug was 

completely gone. 

ance of t he  plugs and is a b e t t e r  design (see Figs. 1 7  and 19 of TIP-7 and 

TIP-8). Figure 20 (Test 1004, TIP-3) has  a d i f f e r e n t  appearance from t h e  

rest of t h e  panels. 

of t h e  char. A revtew of t h e  movies indicated that th i s  occurred during a 

rough shutdown of the HGF. 

The BX-250 plugs which had T i 0 2  gave a more d i s t i n c t  appear- 

The panel is a much l i g h t e r  co lor  due t o  removal of most 

The temperature rise on t h e  aluminum subs t ruc tures  of these  panels  d id  

not  exceed 6 F on any panel. 
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CONCLUSIONS 

The following conclusions have been made from these tests: 

e The TIP plug idea works. The accuracy of the 
indicated recession depth is approximately 
21/16 in. This i s  a good concept. 

e The BX-250 plugs w i t h  T i 0 2  work better than the 
regular BX-250. 

e There is  an e f f e c t  of enthalpy on CPR-488 foam 
performance. 
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Table 1 

Run 
No. 

Model 
NO. 

TIP-1 
TIP-7 
TIP-2 
TIP-8 
TIP-3 
TIP-4 

1ooil 
1001 
1002 
1003 
1004 
1005 

- ~ -  I --- ---- 

SUMMARY OF FOAM/TPS RUNS 
?OS. 

Recovery Enthalpy Recovery Time HGF 
Level Value (Btu/lb) Temp(F) r-- (see) Duct .1 

I 
High 511 1668 

High 
High 511 1668 35 
Low 451 1420 35 

451 1420 35 

8 
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20* 
21 

*LOCAlIQNS 

CPR- 
4.88 

I 
i 

I 

i ; 
i 

I 
i 

I 
i 

\J 

6X- 
250 

I 

1090 I 620 470 I 21.33 11.5 
1955 1 6 50 405 I 18.35 10.5 

1 I 
I 1 

WHEkE VATERIfiL D I D  NdT RECEDE BELOW B&50 PLUG 4 

ORIGINAL PA@# 19 Table 2 
OF POOR QUALln RECESSI3N DATA FROM TEST 1000 

PAGE I 0 5  
CALCULATION OR DATA SHEET 

SERIAL NO. TIP-1 
TEST 1000 - 21/9/81 
POS. 1 - 22.03 Sec. 

I 
RECOVERY ENTHALPY - 511 Btu/lb ' 

RECOVERY TEMPERATURE - 1668*F i 

9 
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I 

I 

1 OF 
CALCULATION OR DATA SHEET 

1 

SERIAL NO. TIP-7 
TEST 1001 - 11/9/81 
POS. 1 - 20.09 Sec. 

*LOCA~IONS WHE E MATERIAL DID N ~ T  RECEDE 

RECOVERY ENTHALPY - 511 B t u / l b  
RECOVERY TEMPERATURE - 1668°F 

BELOW sd250 PLUG 

10 
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1 
i 
I 

I 
I 
1 
! 
I 

! 

r 

BX- 

ORWNAL PAGE fS 
OF POOR QUALITY T a b l e  4 

RECESSION DATA FROM TEST 1002 

I CALCULATION OR DATA SHEET ICIGL OF I 
SERIAL NO. TIP-2 
TEST 1002 - 11/10/81 
POS. 1 - 35.04 Sec, 

RECOVERY ENTHALPY - 511 Btu/lb 
RECOVERY TWERATURE - 1668'F 

CPR- 
488 

3 1030 725 305 8.70 4 7  1.85 
4 1130 780 350 9.99 6.2 1.61 

6 1145 695 450- - 12.84 6.4 2.01 
. 8 1 1170 740 - 430 12.27 6.4 1.92 

1 7 . 875 2 95 8.42 ~ 6-4  1.32 

I 1110 i 550 560 15.98 10.0 1.60 - 

I 

10 1 1045 I 5x5 510 14.55 . 10.2 1.43 . 

13 1 107s 1 765 - -.- 310 ._- 8.85 5.8 1.30 

! t 
t --- I 11 
i 

c 13 1055 7 2 9  326 9.30 1.69 

15 1140 -.- S25 ____  615 11.5 1,52., 

-I__- 

14 1110 663 447 4.5 2.77 
1 

I 'I 

- AVER. 1100 681 419 11.96 6.8 1.76 

t L 
1 I t 

14.55 5* 1140 6 30 5 10 8 1 
7 1105 395 810 ??- 17 13-fl 

- 
250 
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6 I 930 

Table 5 

RECESSION DATA FRO% TEST 1003 

_ -  - -- - - - -. -- 
579 351 10.01 _ _  6.4 1.56 - ..- 

-7 OF 

- _ _ _ _ _ _ _ _ _ ~ ~  

CALCULATION OR DATA SHEET I 

8 I 1445 757 

9 1 1030 1 800 

I ! - 420 

10 1 1105 I - 368 
I 1 I 

I 11 I 10313 

ORffilNAL PA52 3 
OF POOR QUALITY 

688 19.63 6.4 3.07 

2 30 6.56 6.4 1.03 
737 21.02 10.2 2.06 

600 17.12 ~ a n  1 . 7 1  

SERIAL NO. TIP-8 
TEST 1003 - 11/10/81 
POS. 1 - 35.05 Sec. 

I I 
17 j 1040 1 713 - 327 

315 14 895 580 
15 1000 484 516 

AVER. 1035 640 395 

13 ' 1075 792 - .- __ 283 

___ 

RECOVERY ENTHALPY - 511 BtUIlb 
RECOVERY TEMPERATURZ - 1668°F 

9.33 6.8 1.37 _ _  ! 
8.07 5.5 1.47 

1.99 8-99 4.5 
14.72. 11.5 1.28 
11.27 6.3 1.66 

I 

__ - __ 

i I 
I 

i 
L 
I 

I 
I 

I 

r 

BX- 
250 

i 
I 

v 

1 2  
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CALCULAT~ON OR DATA SHEET PAGL OF 

ORIGINAL F>.S B' 
OF POOR QUALITY 

II 

Table 6 
RECESSION DATA FROM TEST 1004 

h 3 
THICK. (NIL/ 

# NIL) c?IIL) (MIL) SEC ) 
I 

1 1240 1 .  1004 236 6.73 5.45 1.23 CPR- 
/ 

1 

SERIAL NO. TIP-3  
TEST 1004 - 11/12/81 
Pos. 1 - 35.05 Sec. 

456 
2 1235 1045 
3 1240 . 1050 1 '  

! 8 1 1780 I, -- 

I .  

4 llS0 950 

6 1 1740 I 990 
1072 

- - _ _  

I 

9 I 1280 ! _-- 1 0 7 ~ -  
. 0 ! 1205 I 940 
I 

RECOVERY ENTHALPY - 451 Btu/ lb  
RECOVERY TEMPERATURE - 1420'F 

190 5.42 5.50 .99 
190 5.42 5.55 .97 I 
230 6.56 5.00 1.31 
2 50 7.13 6.20 1.15 
208 5.93 . 5-50 1.08 
208 -- I 

265 7.56 I 76 1 

13 
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SERIAL NO. TIP-4 RECOVERY ENTHALPY - 451 Btu/lb 
TEST 1005 - 11/12/81 RECOVERY TEMPERATURE - 1420'F 
pas. 1 - 35.;5 Sec. 

455 

i 

I 

I 

\ 

BX- 

SEC) BTU-FT~ I mIL) CMm NIL) SEC ) 
990 4.14 .76 CPR- 1 , 845 145 5 ds 

I I r 1 1 I 

1 OF 
CAGE CALCULATION OR DATA SHEET 

2 1065 L 892 173 4.94 5.50 .90 I 
3 1075 1 893 182 5.19 5.55 .94 

6 ! 1060 - 8L5 245 6.99 6-20 ___ 1.12 

9 L 2 .  71 1 5.50 2 49 I 
10 8.42 I 1 0.00 ---_ .8 

945 t- 

.22 1005 ..! I 966 39 1.11 5.00 - 4 

.51 8 I 1065 r _- 965 100 2.85 5.50 -- 
3 9  1040 ! 

I 595 i , 7-00 - 295 
I 

I I 11 ! 995 [. 672 323 

17 I 985 1, 825 -.-- 160 

14 1105 844 261 

15 99n 705 285 

AVFR. 3 030 847 ! 18= 

I I I 

13 1 1025 950 - 75 
-~ 

I 

.94 - 9.80 _-  9.22 

4.56 fi-m .72 1 

2.14 5.80 .37 - 

8.13 9 - w  .82 

5.22 6.60 .79 

7.45 5.35 1.39 

b 

640 365 ! 10.41 - 6.00 1 
250 t 7 * 940 5 10 430 1 12.27 9.30 

'Oo5 

I 1 I 
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Recovery Enthalpy 

Recovery Temp. 

Pecovery Temp. 

3 4 5 6 7 8 9 1 0  15 20 30 
2 Heating Rate, 6 (Btu/ft -sec) 

. 10 - Recession Rate vs Heating Rate for CPR-488 Foam at Two 
Enthalpy Levels 
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Fig. 11 - Maximum Recession Rate vs Recovery Temperature for a Constant Heating 
Rate of 4 Btu/ft2- 
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50 

40 

. . . . -  A , . ;  .:. 
. . . . .  

. . . , . . . 

Recovery Temperature (P) 

Fig. 12 - Maximum Recession Rate v8 Recovery Temperature for a Constant Heattspg 
Rate of 6 Btu/ftZ-sec. \ 
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40 

30 

20 

10 

0 

Recovery Temperature (F) 

Fig. 13 - Maximum Recession Rate vs Recovery Temperature for a Constant H e a t i n g  
Rate of 10 Btu/ft2-sec 
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Resovery Temperature 

Fig. 14 - Maximum Recession Rate vspRecovery Temperature for a Constant 
Heating Rate of 15 Btu/ft -sec 
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